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Abstract:

Keywords:

Clastic sediments deposited at the bottom of the vertical, nearly 1000 m deep Njemica Cave
(Biokovo Mountain, Croatia) were analysed. Owing to the vertical morphology of the cave, the
occurrences of clastic sediments are sparse. Small, up to decimetre-thick, undisturbed sediment
accumulations situated near the siphon lake revealed interesting palaeontological and mineralogical
data. These data are used as a useful proxy for discussing depositional processes, the provenance
of the sediments and paleo-habitats of the subterranean fauna. The sub-recent assemblages of
ostracods were discovered within the sediment, and they were shown to be correlative to the known
endemic species in the wider Dinaric Karst area (Pseudocypridopsis sywulai and Phreatocandona
cf. motasi). The well-preserved sediment archive indicates the allogenic origin of the sediment and
defines it as an allochthonous infiltrate of the Quaternary. The detritus originates from Pleistocene–
Holocene deposits in the surrounding area, whose composition was influenced by volcanic activity
in the wide Adriatic region. Sedimentation occurred in a calm aquatic environment by settling from
suspension. Therefore the sediments are defined as slackwater deposits.
ostracods, cave sediments, Holocene, sediment source, Dinaric Karst
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INTRODUCTION
Clastic cave deposits of Dinaric Karst (Fig. 1A) were
not the main focus of geoscientists until recently.
However, they are known to be a useful proxy to
identify processes and events in karst terrains
(Sasowsky, 2007; White, 2007). The history of clastic
sedimentation within the caves of the NW Dinarides,
Classical karst area, has an interesting, up to 5 Ma
ancient history that is increasingly being studied (e.g.,
Zupan Hajna et al., 2021, and references therein).
Central and SE Dinarides are still underexplored
areas. Data on depositional mechanisms and the
provenance of allogenic cave sedimentation are rare,
mainly limited to horizontal caves (e.g., Bočić et al.,
2012; Kurečić et al., 2021a, and references therein).
There is no published data considering clastic
deposition within numerous deep caves.
Consequently, during a cave exploration in
November 2021, clastic sediments were sampled
at the bottom of the Njemica, the deepest cave
of the Biokovo Mountain (southern Croatia). The
occurrences of clastic sediments in the cave are
rare and mainly related to the bottoms of meanders
*tadesse@hgi-cgs.hr

and large halls (Visković, 2020). Unexpectedly, the
sediment contained subfossil ostracod assemblages
as well as a few other micropaleontological remains.
Ostracods are small bivalved crustaceans commonly
found in all aquatic and some terrestrial habitats (De
Deckker & Forester, 1988; Holmes, 2001). Although
their colonisation, migration and centres of origin are
globally poorly understood, these crustaceans are
common in subterranean environments, both living
and fossils (Danielopol et al., 1994). Some ostracods
have extremely adaptable genetic systems that enable
various species to adapt easily to the local environment
(Carbonel et al., 1987). Cypridids and candonids, two
groups of freshwater-dwelling Ostracoda, display high
evolutionary plasticity (Martens & Schön, 1999). The
surface-dwelling candonids have unpigmented ocular
structures, and are devoid of swimming setae. Further,
they are predisposed to colonise the subsurface
aquatic environment (Danielopol et al., 2000 and
references therein). The Candoninae is the most
frequently encountered group found in the freshwater
subterranean habitats (mainly in the interstitial) in
the Holarctic region, and it has the most hypogean
species (Danielopol, 1978). Greater isolation of karstic
The author’s rights are protected under a Creative Commons AttributionNonCommercial 4.0 International (CC BY-NC 4.0) license.
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systems compared to the other ecosystems affords a
higher number of endemic stygobitic species than in
porous sediments of alluvial aquifers (Danielopol et
al., 2000). Caves are unique habitats with generally
stable environmental conditions. Low species diversity
and abundance are likely to be found in caves with
low connectivity to surface waters. More species were
recorded in caves with better connectivity with surface
waters (Yavuzatmaca et al., 2012).
Dinaric Karst has an unresolved distribution
of recent subterranean ostracods. Most of the
subterranean species were described from the Croatian
karst area (Danielopol, 1969; Danielopol et al., 2004;
Montanari et al., 2021). The Sava Valley has also
provided information on certain subterranean species
(Rogulj & Danielopol, 1993; Rogulj et al., 1993, 1994).
Gottstein Matočec et al. (2002) provided an overview
of the cave and interstitial ostracod of Croatia. More
data on the recent fossils of subterranean ostracod
are available in the larger Dinaric Karst region of the
neighbouring countries of Montenegro, Bosnia and
Herzegovina, and Albania (Karanovic, 1999a, b, 2000;
Petkovski et al., 2009; Mazzini et al., 2015; Pešić et
al., 2018). Owing to sampling difficulties in deep cave
environments, as is the case for the Njemica Cave,
subfossil subterranean ostracods are poorly explored.
Herein, the remains of ostracods and other
microfauna were investigated, determined and
catalogued with the aim of understanding sub-recent
subterranean habitats. Sedimentological analysis
based on grain-size properties was used to interpret
the depositional mechanisms. The occurrence
of specific mineral grains within the sediments,
determined using the modal analysis of heavy and
light mineral fractions, provides an insight into

the potential source area. This basic mineralogical
method is also proposed as a useful proxy for research
on the allogenic origin of the sediment. Furthermore,
combining newly gathered samples and literature data
possible migration routes of ostracods in the Dinaric
Karst area will be discussed.

GEOGRAPHICAL AND GEOLOGICAL SETTING
Biokovo Mountain is an extremely tectonically
fragmented and karstified massif situated near the
east Adriatic coast (Fig. 1A). It belongs to the wider
area of the Dinaric Karst (Zupan Hajna, 2019), i.e.,
high mountain karst. It is Croatia’s second-highest
mountain with an elevation of 1762 m. The Njemica
Cave on the Biokovo Mt. is the fifth deepest cave in
Croatia (–934 m). The entrance to the cave is located on
a high karst plateau at the edge of the sinkhole, 4.2 km
SE of the peak Sveti Jure (N 43.308337°; E 17.077756°)
(Fig. 1B). The cave opens at 1367 m above sea level
in a narrow area where various climatic influences
are recognized, ranging from the Mediterranean to the
continental climatic types (Filipčić, 1998). Njemica is
primarily a vertical speleological object characterised
by the alternation of spacious large halls and large
verticals (Visković, 2020), a morphology typical of
the deep caves of the high Dinaric Karst. It is formed
in the Jurassic and Cretaceous carbonate deposits
(Fig. 1C), predominantly limestones with occasional
occurrences of dolostones (Marinčić et al., 1978;
Magaš et al., 1979; Croatian Geological Survey, 2009;
Fuček et al., 2022). The main geological features of
the surrounding area are defined by SE–NW striking
structures connected to the orogenic evolution of the
External Dinarides (Korbar, 2009).

Fig. 1. A: Geographic position of the Biokovo Mountain within the Dinaric Karst area (map cropped and modified after Mihevc et al., 2010); B: A contour
and elevation map of the Biokovo Mountain with an indicated position of the Njemica Cave on the high karst plateau (Spatial Reference WGS 84); C:
A simplified geological map of the surrounding area (modified after Fuček et al., 2022 – Spatial Reference WGS 84). Legend for Fig. 1C: st: brown soil
(Quaternary); s2: colluvium (Quaternary); Pg: Flysch and foraminiferal limestones (Paleogene); K–Pg: carbonate breccia (Cretaceous-Paleogene);
K & J: carbonate deposits, predominantly limestones with occasional occurrences of dolostones (Cretaceous & Jurassic).
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The current depth of the Njemica Cave reached in
dry, vadose channels is –936 m (Fig. 2A). Although it
is known that a deep karst aquifer has formed within
the mountain (Kuhta et al., 2012), the hydrological
regime of the deep siphon lake at the cave’s deepest
known point is unknown. The location of the siphon
lake could be related to the saturated zone (Fig.
2A). The siphon is currently the focus of ongoing
speleological research owing to its great potential for
increasing the overall depth of the cave.

MATERIALS AND METHODS
Sampling sites
The sampling of sediments was conducted with
hand tools at the actual dry bottom of the cave.
Two sampling sites were selected with emphasis to
avoid possible contamination with surface sediments
brought into the cave via anthropogenic influence
such as by speleologists during the cave survey. The
first site is located close to an underground bivouac at
a depth of 930 m and it is named NB (Fig. 2A, B). The
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second sampling site, known as NS, is located close to
the siphon lake at the very bottom of the Njemica Cave
(Fig. 2A, C). Following stratigraphic principles, two
distinct layers on each site were identified and sampled
for detailed palaeontological and sedimentological
analysis; the collected samples were named 1 (bottom
layer) and 2 (upper layer) (Fig. 2D, E). Each sample
weighed ~200 g.
Sedimentological and mineralogical analyses
Grain-size was determined for each sample using
the Shimadzu Laser Diffraction Particle Size Analyzer
SALD-2300. About 0.1 g of dry representative sample
was isolated for the analysis (air-dried sample). Tetrasodium diphosphate decahydrate (Na4P2O7·10H2O)
(4% solution) and deionised water were used to treat
the samples to prevent coagulation, and they were
then dispersed overnight on a shaker. The grain-size
distribution was calculated using the average of each
measurement, which was repeated three times. The
sediment was named according to Trefethen’s (1950)
classification.

Fig. 2. A: The position of Njemica Cave channels, the spatial distribution of sampling sites (NB and NS) and the tentative position of the deep
karstic aquifer with indicated local recharge and discharge directions are indicated on the topographic cross section of the Biokovo Mountain;
B: The bivouac sampling site (NB); C: The siphon sampling site (NS); D: Bottom and top layers on the NB site with indicated sampling area;
E: The bottom and top layers on the NS site with indicated sampling area (Photos by N. Rossi).
International Journal of Speleology, 51 (3), 223-233. Tampa, FL (USA) September 2022
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The mineralogical composition of the sediment
was investigated through the modal (heavy and light
minerals) analyses. The 0.063–0.16 mm fraction was
used for heavy and light mineral separation. Samples
were treated with 10% HCl to remove the carbonates
and washed with H2O in an ultrasonic bath. The
grains were separated using sodium polytungstate
(SPT, ρ = 2.8 g/cm3). Microscope slides were prepared
from the separated material, and the composition was
determined by counting up to 300 grains per sample
using a Leitz Orthoplan polarising microscope (Mange
& Maurer, 1992). The characteristics of the typical
mineral groups that were isolated from the samples
as well as their relative proportions were described.
The SCM1 Calcimeter instrument was used to
determine the carbonate concentration (% CaCO3).
Calcium carbonate (CaCO3) was used to perform the
calibration. Each sample was weighed in an Erlenmeyer
flask before deionised water, and hydrochloric acid
was added (4 mol/L HCl p.a.). Carbon monoxide (CO2)
is formed, a gas that pushes the water out of the
burette due to the reaction between hydrochloric acid
and the sample. The percentage of calcium carbonate
(% CaCO3) in the sample was calculated using the
reading of the volume of water that was displaced.
Energy-dispersive spectroscopy (EDS) was applied
for elemental chemical composition analysis (INCA,
Oxford Instruments) under 20 keV accelerating
potential and 90-mA filament current instrument
conditions.
Palaeontological analyses
Before the laboratory preparation for palaontological
analyses, ostracods were visible to the naked eye
within the sediment. No soft parts were found. A nonstandard amount of material was used owing to the
limited amount of sample, ~30–70 g. The samples
were soaked in a hydrogen peroxide (H2O2) solution for
24 h and washed through sieves (0.466, 0.263, 0.122,
and 0.063 mm). The fossil content was hand-picked,
counted and identified. All juvenile and adult ostracods
were separated and identified based on their valves or

empty carapaces. Using a Zeiss stereomicroscope and
images from a scanning electron microscope (SEM),
identification was conducted through examination
of microfossils. SEM microphotographs were made
using gold-coated microfossil samples using the SEM
JEOL JSM-35CF system. The identifications were
based on Karanovic (1999a, b, 2000), Petkovski et
al. (2009) and Danielopool (1978, 1982). High-level
taxonomy followed Martens & Savatenalinton (2011).
All micropaleontological samples presented herein are
stored in the collections of Valentina Hajek Tadesse
at the Croatian Geological Survey, Department of
Geology, Zagreb, Croatia.

RESULTS
Cave sediments characteristics, mineralogy,
and carbonate content
The sediment at both sites covers the underlying
carbonate rock. At the NB site, the sediment thickness
is ~10 cm (Fig. 2D). At the NS site, the sediment
thickness is ~6 cm (Fig. 2E) On both locations, two
layers are visible and the upper one is horizontally
laminated. The colour of dry sediment is described
according to the Munsell Soil-colour chart (Munsell
Soil Color Book, 2013) as: NB-1–brown (10YR4/3);
NB-2–yellowish-brown
(10YR5/4);
NS-1–dark
yellowish-brown (10YR4/4); NS-2–light yellowishbrown (10YR6/4). The remains of microfauna are
visible in all the samples.
Based on grain-size analysis, it was determined that
the samples are uniform. On average, the sediment is
silt (Fig. 3A). The samples are very poorly sorted (So
= 2.128–2.965) (Fig. 3A). The positive values for the
samples’ skewness (Sk = 0.845–0.976) indicate that in
contrast to the normal distribution coarser grains are
more prevalent in the samples (Fig. 3A). The samples
from the lower layer (NB-1 and NS-1; Fig. 2D, E) are
nearly identical in terms of grain-size characteristics
(Fig. 3A). The upper layer samples vary slightly, and
only the sample NB-2 can be classified as sandy–
clayey silt (Fig. 3A).

Fig. 3. The grain-size characteristics and CaCO3 content of allogenic cave sediments from the bottom of the Njemica Cave. A: Cumulative grain-size
curves and calculated parameters; B: CaCO3 content per sample.
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Silts are dominated by siliciclastic particles while
the carbonate component varies between 11.53 and
27.70% in the overall sample. The upper sample has
a higher carbonate content compared to the lower
sample in both sites (Fig. 3B).
The samples primarily include the light mineral
component, as shown by the modal analysis. Quartz
(73–78%) dominates the light mineral fraction,
followed by feldspars (14–17%) and lithic particles
(6–11%). Monocrystalline quartz grains (Fig. 4A) are
mostly angular with straight extinction. Feldspars
occur mostly in the form of potassium feldspars,
which are typically entirely unaltered (Fig. 4A). Shortprismatic grains resemble sanidine. Plagioclase
occurs only sporadically. Mica (muscovite) occurs
in concentrations of less than 1% (in the form of
transparent thin plates with rounded edges) (Fig. 4A).
Furthermore, the samples contain very small amounts
of biotite and chlorite (Fig. 4B). The heavy mineral
fraction in all the samples is dominated by translucent
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heavy minerals. There are significant amounts of
opaque grains and within them cubic forms can be
observed. Clinopyroxenes, which come in colourless,
slightly green to distinctly green and brown variants,
predominate (70–80%) of the translucent heavy
minerals. The grains are mostly short-prismatic
with clearly visible hacksaw terminations; however
long-prismatic, euhedral grains with well-developed
terminal surfaces of the prism are present too (Fig. 4B).
Darker green to brown varieties are defined as augitetype of clinopyroxene. Furthermore, the samples
contain smaller amounts (<10%) of amphiboles,
garnets, zircon, and Cr-spinel. The majority of garnet
variants are in the form of shards or semi-rounded
shapes and are colourless, pink and brown (Fig. 4B).
Although zircon is not present in large quantities in the
samples (up to 5%), the grains are euhedral with welldeveloped and preserved bipyramidal terminations
(Fig. 4B). The proportions of identified modes are
similar in all the samples.

Fig. 4. Modal composition of the light and heavy mineral fraction (0.063–0.16 mm) of the allogenic clastic sediments from Njemica Cave–typical
grains. A: Light mineral fraction (Qz–monocrystalline quartz; Fs–feldspar; L–lithic particles (chert); Ms–muscovite); B: Heavy mineral fraction
(Opq: opaque minerals; Bt: biotite; Px: pyroxene; Grt: garnet; Amp: amphibole; Zrn: zircon: Rt: rutile).
International Journal of Speleology, 51 (3), 223-233. Tampa, FL (USA) September 2022
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Faunal assemblage in clastic sediments
Ostracod distribution
In all the samples, abundant and well-preserved
ostracods of one endemic species of the family
Cyprididae (Pseudocypridopsis sywulai Petkovski
et al., 2009) together with specimens of the family
Candonidae (Phreatocandona cf. motasi Danielopol,
1978) were identified (Fig. 5A, B). The soft parts
are not preserved. Generally, both species are more
numerous in the sample NS-1 than in the other
samples (Fig. 5B). Compared to carapaces, valves
predominate in all the samples.
The growth series of distinct instars of
Pseudocypridopsis sywulai with the adult valves
are found. The shell shapes match the descriptions
of the holotype species, and their dimensions are
approximately the same (Petkovski et al., 2009). The
carapace of Pseudocypridopsis sywulai is ovoid in
the dorsal view (Fig. 5A). The left valve overlaps the
right valve ventrally and at both ends. The surface
of the valves is covered with a rather large hexagonal
mesh-like ornamentation. The youngest instars have
less noticeable valve ornamentation (Fig. 5A, 14-16).
A small difference in the muscle scars in ratio to the
holotype species is observed (Fig. 5A, 7-8). Number of
Pseudocypridopsis sywulai is the highest in sample

NS-1, while in the other samples a decrease in the
number of specimens is visible (Fig. 5B).
Small numbers of elongated, transparent, and
fragile juvenile valves, with a smooth surface of
Phreatocandona cf. motasi were identified in all the
samples (Fig. 5A, 17-23). Elongated valves have
the typical posterior end acuminated; while in the
anterior part, the inner lamella is not fully developed
(D. Danielopol, pers. comm.). While sample NB-2 has
few valves, sample NS-1 has a large number of valves.
The samples NS-2 and NB-1 have the same number
of valves (Fig. 5B).
Other micropaleontological remains
Other micropaleontological remains such as the
mollusc Orygoceras sp. (NS-1), sponge spicule (NB-1
and NB-2), and agglutinated elongated and rounded
foraminifera (NS-1, NB-2 and NB-2), were discovered in
some samples (Fig. 5C). A few agglutinated specimens
resemble allogromids, although they have a solid
agglutinated wall and are more similar to a species of
Bathysiphon (Fig. 5C, 3-6). One specimen most likely
belongs to the genus Psammosiphonella (Fig. 5C, 8,
8a, 8b) whereas the other one with a one-chambered
initial coil may have been a species of Ammobaculites
(Fig. 5C, 7,7a) (M.A. Kaminski, pers. comm.).

Fig. 5. Sub-recent ostracod and other micropaleontological assemblages of allogenic cave sediments from the bottom of the Njemica Cave.
A: Selected SEM photomicrographs of adult and juvenile ostracods. 1-16: Pseudocypridopsis sywulai. 1. LV, external lateral view. 2. LV,
internal lateral view. 3. LV, external lateral view. 4. carapace, ventral view. 5. carapace, dorsal view. 6. RV, internal lateral view with visible
calcite crystals within the valve. 7, 8. LV, internal lateral view. 9, 10. RV, external lateral view. 11. RV, internal lateral view. 12. RV, external
lateral view. 13, 14. LV, external lateral view. 15, 16. RV, external lateral view. 17-23: Phreatocandona cf. motasi. 17. RV, internal lateral view.
18. LV, external lateral view. 19. RV, internal lateral view. 20. RV, external lateral view. 21. LV, internal lateral view. 22, 23. RV, external lateral
view; B: The absolute species abundance of ostracods in samples from the Njemica Cave. C: 1. Sponge spicula. 2. Orygoceras sp. 3–6.
Allogromids? 7, 7a. Ammobaculites?, 7. Typical CaCO3 SEM–EDS spectra (point measurement). 8, 8a, 8b Psammosiphonella? 8a. detail of
the agglutinated carbonate surface. 8b. SEM–EDS spectra (point measurement) showing the presence of CaCO3.
International Journal of Speleology, 51 (3), 223-233. Tampa, FL (USA) September 2022
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DISCUSSION
Clastic sediments at the bottom of the Njemica
Cave are silts (Fig. 3A). According to the CM-dynamic
diagram (Passega, 1964), silts with Md values ranging
from 0.008 to 0.015 mm (Fig. 3A) are deposited from
a uniform suspension. Such thin-layered, laminated
(Fig. 2D, E), and fine-grained deposits can be described
as slackwater facies sediments, that were typically
formed from a suspension that had settled out of
flooded cave channels (Bosch & White, 2004; White,
2007). The position of the sampling site near the
siphon lake (Fig. 2A) indicates sedimentation during
high-level water phases. When the bottom of the cave
was submerged in water, the suspended sediments
had time to settle out forming a sediment layer. Both
sampling sites were located above the lake level at
the time of the sampling (Fig. 2B-E). It is a possible
indicator of changes in the water level in the siphon
and seasonal or periodic flooding of the wider area at
the bottom of the cave. Mean water flow velocities in
the vicinity of the sampling site during siphon flooding
or drainage are unlikely to exceed ~0.2 m/s according
to the Hjülstrom–Sundberg diagram. If a critical
erosion velocity had been reached, unconsolidated silty
sediments (Fig. 3A) would have been remobilised and
presumably washed away (Sundberg, 1956). There
were no visible erosional boundaries in the investigated
sediment (Fig. 2D, E). However, the hydrological regime
of the siphon has not been investigated. The recent
overall depth of the cave reaches –936 m. It is close to
the tentative local groundwater level in the deep karstic
aquifer discharged through the springs formed on the
Flysch hydrogeological barrier along the SW foothills
of Mt. Biokovo (Fig. 1C, 2A). Connection to the wide
catchments in the NE is also possible (Kuhta et al., 2012).
Due to the high content of pyroxenes in the heavy
mineral fraction, which indicates a volcanic origin,
the examined samples conceal an intriguing mineral
phenomenon (Fig. 4B). The samples are identical in
terms of mineralogy to Quaternary deposits found
on the surface of Biokovo Mt. In particular, fresh
feldspars (sanidine) as well as a very high proportion
of pyroxenes, especially the augitic clinopyroxenes,
and their preserved prismatic, euhedral forms
(Fig. 4B), were determined in the matrix of Quaternary
colluvial breccias from the SW slopes of Biokovo Mt.
(Unit s2 on Fig. 1C). The same modal composition is
preserved as well within the Quaternary brown soils
(Unit st on Fig. 1C) developed in the area (Kurečić
et al., 2021b; Fuček et al, 2022). Consequently, the
clastic sediment at the bottom of the cave could be
classified as allogenic infiltrates, predominantly soil
wash down from the epikarst (White, 2007). However,
the sediment influx is most likely influenced by
the detritus input through sinking streams from
the NE via the karst conduit system in the wider
catchment area. A similar mineral composition with
dominant augitic clinopyroxenes among the heavy
mineral fractions can be found within the Quaternary
sediments of poljes in a wider area (Vrsalović, 1969),
also in a tephra layer found within aeolian–alluvial
Quaternary sediments on the island of Lopud in the
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south Adriatic Sea (Kovačić et al., 2018) as well as
on other locations along the eastern Adriatic coast
and islands (e.g., Mikulčić Pavlaković et al., 2011;
Banak et al., 2021). These tephra occurrences in
Pleistocene sediments around the Adriatic Sea region
are associated with the volcanic provinces of southern
Italy (e.g., Tomlinson et al., 2015). Although numerical
dating is absent, the allogenic infiltrate within the
Njemica Cave is probably very recent, Holocene in
age. This can be seen by comparing the mineralogy
and stratigraphy in the surrounding area (Kurečić et
al., 2021b; Fuček et al., 2022) with the mineralogy of
the sampled sediment (Fig. 4).
The determined ostracods species Pseudocypridopsis
sywulai belongs to the genus Pseudocypridopsis
Karanovic (1999b). Pseudocypridopsis is the third
genus in the subfamily Cypridopsinae with stygobiont
species (Karanovic, 2000). There are only four known
recent species belonging to Pseudocypridopsis, all
of which appear to be endemic to the southern
Dinaric region (Petkovski et al., 2009). The genus
Pseudocypridopsis was first described to comprise
the stygophyl species Pseudocypridopsis cathrata
(Klie, 1936). Pseudocypridopsis petkovskii Karanovic
(2000), the only European stygobiont species of this
subfamily, is the second species of this genus to be
discovered (Karanovic, 2000). Both species were found
in southern Montenegro. The third and the fourth
species, Pseudocypridopsis hartmanni (Petkovski et
al., 2009), and Pseudocypridopsis sywulai (Petkovski
et al., 2009), were found in the large and deep karstic
field Popovo Polje in nearby Bosnia and Herzegovina
(Petkovski et al., 2009).
Petkovski et al. (2009) described the valves and
carapaces (soft parts deteriorated but sperms
observed) of holotype species Pseudocypridopsis
sywulai for the first time from a side siphon on the
type locality Babina Pećina Cave at the Northern
edge of the Popovo Polje karstic field. The species is
present in several other caves within karstic fields
in pools, on underwater rocky bottoms, on the walls
and the ceiling of the caves and in the rimstone pools
and loamy undergrounds (Petkovski et al., 2009).
A detailed description of the species is given by the
same authors. According to them, Pseudocypridopsis
sywulai is so far the largest known species within the
genus.
The second identified species Phreatocandona
cf. motasi (Danielopol, 1978) belongs to the genus
Phreatocandona (Danielopol, 1978). Until now, this
genus only comprised this species (Karanovic, 2012).
P. motasi was first identified in Romania and lives in
a porous aquifer (Danielopol, 1978, 1982). Detailed
descriptions of the species’ soft parts and shells are
given by Danielopol (1978, 1982). In the Dinaric area,
the first finding of P. motasi outside of its type locality
is recorded in Lake Skadar in Montenegro (Pešić et
al., 2018).
The presence of calcite crystals within the valve
of Pseudocypridopsis sywulai (Fig. 5A, 6), the
absence of soft parts and the position within the
undisturbed laminated sediment (Fig. 2D, E) implies
that the microfaunal remains from the Njemica Cave
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sediments are sub-recent. The degree of fossilisation
of the remains is often uncertain (Moldovan et
al., 2011; Zupan Hajna et al., 2021) as is the case
with this finding. When utilised in conjunction
with numerical and correlative dating techniques,
invertebrate micropaleontological remains found in
cave sediments can be used as a paleoenvironmental
proxy for improving the stratigraphy (e.g., Moldovan
et al., 2011; Zupan Hajna et al., 2021). Although
they are uncommon, fossil ostracod thanatocoenoses
are most frequently found in low-energy deepwater
settings (Lord et al., 2012). The ratios of adults to
juveniles in fossil assemblages may be used to identify
in situ and transported taxa (Lord et al., 2012). The
ratio between adult and juvenile valves and carapaces
of Pseudocypridopsis sywulai (Fig. 5B) implies in
situ assemblages (Whatley, 1988; Boomer et al.,
2003; Lord et al., 2012). The occurrence of very early
stage molts of both species supports a conclusion
of very low sedimentation rates at the bottom of the
cave. Slackwater deposition within the Njemica Cave
is documented by the extremely small number of
carapaces (only two in sample NS-2) compared to the
valves. The percentage of carapaces was higher in the
regions of rapid sedimentation (Pokorný, 1964), while
in conditions of slow sedimentation the carapace open
because of bacterial decomposition of muscles and
ligaments (Oertli, 1971).
The species Pseudocypridopsis sywulai and
Phreatocandona cf. motasi have a wide variety of
ornamentation and sharp carapace. Based on the
morphology of the carapace, Danielopol (1978, 1982)
grouped epigean and hypogean Candoninae into six
primary categories. The author concluded that species
with triangular, trapezoidal and elongated pointed
posterior carapaces occur commonly in persistent
ecosystems with little environmental change, such
as groundwater habitats. Surface and hypogean
Candoninae have similar carapace sculptures;
however, hypogean Candonidae contain species with
extreme morphological features, such as the smallest
length, the most elongated form and the largest dorsal
protuberance (Danielopol, 1978). The specific shape
of the species Phreatocandona motasi is probably the
reason for the low fecundity of the species, and they are
known only from a limited number of localities where
they have seldom been found (Carbonel et al., 1988,
and references therein). According to Karanovic (1999a),
species of the subfamily Cypridopsinae frequently have
good swimming abilities and live in surface water;
however this subfamily frequently colonises interstitial
environments, and their ovoid valve structure is not a
limiting factor for life in the interstitial.
In addition to the ostracod assemblages described in
the investigated sediments, exceptional microorganisms,
such as the spicule of freshwater sponge, the gastropod
Orygoceras sp. and foraminifera were noted. Eunapius
subterraneus (Sket & Velikonja, 1986), is the only
troglobiont sponge known to exist in Croatia (Gottstein
Matočec et al., 2002). In Montenegro sponges are
represented by one species Spongilla lacustris (Pešić
et al., 2018). In NW Croatia, researchers discovered
the relict species Orygoceras sketi Bole & Velkovrh,

1986 nom. nud. The species Orygoceras sketi is the
only living representative in Europe of the genus
Orygoceras (Gottstein Matočec et al., 2002). The
discovery of the foraminifera in the deposit and the
problems of how and when two ostracod species,
Pseudocypridopsis sywulai and Phreatocandona cf.
motasi, colonized the groundwater habitats of the
Njemica Cave remain unanswered at this time.
Ostracods can migrate actively or be dispersed
passively through both subterranean and epigean
aquatic systems, settling in new locations although
no specific origin centers and dispersal direction
can be identified (Danielopol et al., 1994). According
to Danielopol et al. (1994), ecological flexibility, the
width of ecological tolerances, the nature of preadaptation and the capacity of species to locate and
colonise new habitats can affect the ability of ostracod
species to migrate and inhabit subterranean and
epigean aquatic habitats. The evolutionary model of
the repeated active colonisation of the subterranean
environment by epigean organisms is presented by
Sket (1999a, b). Danielopol et al. (2000), suggest this
model offers the most compelling explanation for
cases of highly diverse subterranean aquatic faunas.
The existence of the recent rich and diverse ostracod
fauna in the caves and the interstitial habitat in the
Dinaric Karst (Petkovski et al., 2009), is explained
by the hydrographical situation in general following
intense orogenic movements in the Pliocene. The same
authors concluded that the widespread homogenous
Pliocene fauna of this area was split into many isolated
centres. Previous research conducted in Montenegro
suggests that the drainage system of the Dinaric
Karst area (i.e., Skadar Valley) gave refuge to many
species that were withdrawing from the north during
the ice expansion of the Last Glacial period (Karanovic
& Petkovski, 1999). However, according to Gottstein
Matočec et al. (2002) the hydrogeological relationships
in the Dinaric Karst and biota migration routes are
complex. Given that the principal retention zone
could be formed within the mountain massif itself,
and the groundwater drains towards the mountain
margin (Kuhta et al., 2012), the general routes of
migration are ambiguous. However, according to the
presented results, deep caves in the Dinaric Karst
region may serve as ostracods depocenters. This is
supported by the discovery of the sub-recent species
Pseudocypridopsis sywulai in the Njemica deep cave
as well as live specimens of P. sywulai in nearby caves
in Bosnia and Herzegovina (Petkovski et al., 2009).
All the four analysed samples from Njemica Cave
contain only subfossil ostracods; however these data
do not mean that living ostracods are not present in
the cave. Based on previous experiences, our future
research should focus on collecting living individuals
in siphon (see Carbonel et al., 1988).

CONCLUSION
The clastic cave deposits containing fossil
microfauna have been poorly explored, especially in
the area of central and SE Dinaric Karst regions. This
paper presents the importance of approaching even
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the smallest occurrences of clastic cave sediments.
The following are the conclusions with an emphasis
on depositional mechanisms, provenance analysis
and ostracod paleo-habitat:
• The cave sediments were identified as slackwater
deposits. Such deposits are formed in an environment
of saturated conditions with higher groundwater
levels, isolated from flowing streams. They have
deposited from suspension when the bottom of the
cave was submerged in water.
• The provenance of the siliciclastic detritus is
related to the Biokovo Mountain and the surrounding
areas. The detritus originates from Holocene brown
soils, Pleistocene–Holocene colluvial deposits, and
tentatively Quaternary infill of poljes in the hinterland.
• An interesting mineralogical phenomenon (euhedral
augite grains and sanidine) indicating the volcanic
origin of detrital mineral grains was revealed. It relates
to the redeposited Quaternary sediments from the
surface that were influenced by pyroclastic material
during the Pleistocene in the wider Adriatic area.
• The investigated sediments are classified as
allochthonous infiltrates of Holocene Age derived from
the surface.
• Numerous ostracods were discovered, including
two species that are classified into two families;
Pseudocypridopsis sywulai belongs to the Cyprididae
family and Phreatocandona cf. motasi belongs to
the Candonidae family. Additionally, the gastropod
Orygoceras sp., sponge spicule and foraminifera
were found.
• Based on the setting of microfaunal remains within
undisturbed laminated sediments, and observed
characteristics (lack of soft parts, overgrowth with
calcite crystals) all the specimens of determined
species are sub-recent.
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